Depending on the Breslow depth of the primary melanoma, sentinel lymph node biopsy is considered as standard of care for the staging of cutaneous melanoma, and is one of the most important prognostic factors. The histologic analysis of these specimens becomes difficult to interpret when benign intranodal nevic cells mimic metastases. Insulin-like growth factor-II messenger RNA (mRNA)-binding protein-3 (IMP3), also known as K homology domain-containing protein overexpressed in cancer or L523S, is a member of the insulin-like growth factor-II mRNA-binding protein family and has been shown to have diagnostic utility in distinguishing cutaneous melanoma from benign nevi. In this study, 43 sentinel lymph node biopsy specimens, including 13 with benign intranodal nevi and 30 with metastatic melanoma (two cases containing both benign nevi and metastatic melanoma), from 41 patients were immunohistochemically analyzed with a monoclonal antibody against IMP3. None of the benign intranodal nevi expressed IMP3, whereas 21 out of 30 (70%) of the lymph nodes containing metastatic melanoma did. It seems that IMP3 is helpful in distinguishing benign intranodal nevi from metastatic melanoma in sentinel lymph node biopsy specimens, and could be a valuable diagnostic adjunct in sentinel lymph node biopsy assessment in which questions arise as to the malignancy of the melanocytes present.
For patients with a diagnosis of cutaneous melanoma, sentinel lymph node biopsy is largely considered as standard of care. First described in melanoma by Morton et al in 1992, 1 sentinel lymph node biopsy with microscopic evaluation ranks as one of the most important primary disease prognostic factors. 2 In the case of a positive sentinel lymph node, patients often undergo further interventions including completion lymph node dissection and various chemotherapeutic regimens; as a positive sentinel lymph node signifies a 20% chance that other nodes harbor metastases and a drop in diseasespecific 5 year survival rate from 90 to 72%. 2, 3 Thus, because sentinel lymph node biopsy provides important predictive value and treatment guidance for melanoma, it is critical that the histological assessment of sentinel lymph node biopsy specimens is thorough and accurate.
To aid in the identification of metastatic foci, immunohistochemical stains that rely on melanocytic features such as Melan-A/MART-1 and S-100 are commonly used. These stains become difficult to interpret when benign nevic cells, so-called nodal nevi, mimic metastases within sentinel lymph node specimens. Although it is unknown how these nevus cells arise in lymph nodes, their presence has been known since 1931. 4 The frequency in which nodal nevi are found varies widely and is estimated to occur in as frequent as 8% of nonmelanoma specimens. [5] [6] [7] Not surprisingly, this estimate is thought to be increased in melanoma cases 8, 9 and sentinel lymph node biopsy specimens specifically. 8, 10, 11 When nodal nevi are encountered, they are typically located within the fibrous capsule or trabeculae of the lymph node; however, actual intraparenchymal benign nevic cells have occasionally been reported. 5, 7, [12] [13] [14] Recently, an immunohistochemical marker, insulin-like growth factor-II messenger RNA (mRNA)-binding protein-3 (IMP3), has been reported to differentiate between melanomas and benign nevi.
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IMP3, also known as K homology domain-containing protein overexpressed in cancer or L523S, promotes tumor cell proliferation by enhancing insulin-like growth factor-II protein expression. 16 It is a 580 amino-acid protein with 4 K homology domains and 2 RNA recognition motifs and is encoded by a gene on chromosome 7p11.5.
17 IMP3 is normally expressed in lymph node germinal centers, focal intestinal mucosa, placenta, ovary, testis, and brain. [18] [19] [20] Aside from being overexpressed in melanoma, IMP3 has also been identified in a number of malignancies including pancreatic cancer, renal cell carcinoma, germ cell neoplasms, and lung carcinomas. [19] [20] [21] [22] [23] [24] As IMP3 has diagnostic utility in discriminating cutaneous melanoma from benign nevi, we hypothesize that expression of IMP3 can also be used to differentiate metastatic melanoma from benign intranodal nevi in sentinel lymph node biopsy specimens. To test this hypothesis, we explored IMP3 expression in sentinel lymph node biopsy specimens with known metastatic melanoma and benign intranodal nevi by immunohistochemistry.
Materials and methods

Case selection
This study was conducted in accordance with a protocol approved by the institutional review board. A total of 43 specimens were retrieved from the surgical pathology archives at University of Rochester, University of Michigan, and Cedars-Sinai Medical Centers. Of the 43 total specimens, 13 sentinel lymph node biopsies contained benign nodal nevi from 12 subjects. The benign nevi were located both in the capsule (n ¼ 11) and trabeculae (n ¼ 2). In addition, 25 sentinel and 5 non-sentinel lymph nodes with confirmed metastatic melanoma from 29 subjects were retrieved. Two cases contained both metastatic melanoma and benign nodal nevi. Hematoxylin and eosin (H&E) and Melan-A/MART-1-stained slides were examined for each case. Nevic cells were highlighted on the Melan-A-stained slides, and a diagnosis of melanoma was based on cytological atypia, location of the atypical cells, and comparison with the primary melanomas.
Immunohistochemical Analysis
Immunohistochemical studies were performed on 5-mm formalin-fixed, paraffin-embedded tissue sections using a mouse monoclonal antibody against IMP3 (clone 69.1; Dako North America, Carpinteria, CA, USA). Tissue sections were deparaffinized according to established procedures and quenched with 3% H 2 O 2 for 6 min. Sections were washed in running water and Tris-buffered saline consisting of 50 mmol/l Tris-HCl (pH 7.6), 150 mmol/l NaCl, and 0.05% Tween 20. Antigen retrieval was performed using preheated (95-991C) target retrieval solution, modified citrate buffer, pH 6.1 (Dako) in a Black and Decker steamer (Model HS800; Shelton, CT, USA) for 30 min, followed by a 15-min cool down period. Slides were rinsed with Tris-buffered saline for 5 min and mounted in the Dako Autostainer. Sections were incubated with the monoclonal mouse anti-IMP3 antibody (dilution 1:100) at room temperature for 40-60 min. The sections were then incubated for 30 min with EnVision þ System horseradish peroxidase-labeled polymer conjugated to goat anti-mouse (Dako). Staining was developed with 3,3 0 -diamino-benzidine tetrahydrochloride þ substrate-chromogen (Dako) for 10 min. Slides were rinsed in running distilled water, counterstained with modified Mayer's hematoxylin, and blued in 0.3% ammonia water followed by a tap water rinse. Slides were mounted using an aqueous medium and viewed under a light microscope. Care was taken so that the cells positive for Melan-A were the same cells examined when evaluating for IMP3 expression. IMP3 is known to be expressed in lymph node germinal center cells, which serves as internal positive controls. Cytoplasmic staining was considered as positive for IMP3 expression. The percentage of tumor cells with cytoplasmic staining was recorded, with 410% of cells staining considered positive. The intensity of cytoplasmic staining was recorded as weak, moderate, or strong.
Results
IMP3 Immunohistochemical Staining
The results of immunohistochemical studies of IMP3 expression in 43 sentinel lymph node biopsy specimens are summarized in Table 1 . Germinal 
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MJ Mentrikoski et al centers were highlighted in all lymph nodes and served as internal positive controls (Figure 2b) . None of the lymph nodes containing benign nodal nevi expressed IMP3 (Figure 1b) , whereas all were positive for Melan-A/MART-1 (Figure 1c) . Care was taken so that cells staining positive for Melan-A were the same cells examined when evaluating IMP3 expression (Figure 1b and c) . Twenty one out of 30 (70%) lymph nodes containing metastatic melanoma were immunohistochemically positive for IMP3 with 410% of tumor cells stained ( Figure 2b ) and for Melan-A/MART-1 (Figure 2c ). Immunostaining intensity ranged from weak to strong. The overall sensitivity was 70% and specificity 100%.
Discussion
Owing to the prognostic value and therapeuticdirecting information afforded by the sentinel lymph node biopsy procedure in the evaluation of a patient with primary cutaneous melanoma, proper specimen analysis is imperative. Our earlier study showed that IMP3 is likely a novel progression marker in melanoma, and that it has the ability to differentiate benign melanocytic nevi from malignant melanoma. 15 This study reaffirms those earlier findings and shows that IMP3 has diagnostic utility in distinguishing metastatic melanoma from benign nodal nevi in sentinel lymph node biopsy specimens. In general, when present in large, cohesive cell clusters within the lymph node parenchyma, metastatic melanoma can be easily identified on H&E sections. Similarly, benign nodal nevi that present as groups of small, bland, intracapsular cells can often be correctly diagnosed without the assistance of immunohistochemical markers. However, because micrometastases of melanoma occur frequently and are likely missed on H&E sections, many institutions use various immunohistochemical stains to aid in sentinel lymph node biopsy examination. Problems arise when small foci of positive cells are located in the trabueculae of the lymph node with inconspicuous cytological atypia.
The immunohistochemical stains commonly used in the workup of questionable sentinel lymph node biopsy specimens include S-100, Melan-A/MART-1, and/or HMB-45. S-100 is the most sensitive for detecting metastatic melanoma, though it is rather non-specific and stains benign nodal melanocytes, dendritic cells, melanophages, adipose tissue, and nerves. Melan-A/MART-1, an immunohistochemical stain with increased melanocyte specificity, has also been used to screen sentinel lymph node biopsies, but it identifies both benign intranodal nevi and metastatic melanomas. Even though Melan-A is an extremely specific melanocyte marker, it does not provide distinction between melanoma cells and nevic cells. HMB-45, such as Melan-A, also has increased specificity for melanocytes compared with S-100. In addition, HMB-45 appears to be more helpful in distinguishing nodal nevi than S-100 and Melan-A because it is typically negative in benign melanocytes, 25 although it has been shown to be positive in up to 16% of sentinel lymph node biopsy benign nevic cell rests. 26 HMB-45 also has a tendency to stain melanophages, which can mimic micrometastases. However, much like IMP3, the utility of HMB-45 can be limited because it is overall less sensitive in detecting metastatic melanoma, creating false negative results. [27] [28] [29] With each of the melanocytic immunohistochemical stains having its own drawbacks, there has been no consensus as to which is the most appropriate marker to use when questionable cases arise. Currently, a combination of the above stains is used for screening and diagnostic purposes. When deposits within the lymph nodes are large, diagnosis of metastasis versus intranodal nevi can be made based on location and cytological pleomorphism of the cells on H&E stain alone. When small foci of S-100 or Melan-A positive cells occur within the lymph node trabeculae or parenchyma, so-called micrometastases, the outright diagnosis of metastatic melanoma can be more difficult. Our study shows that IMP3 expression can serve as a diagnostic adjunct in distinguishing benign intranodal nevi from metastatic melanomas when used together with other melanocytic markers. However, it should be noted that the cases used in this study contained specimens with cellular morphology typical of either melanoma or benign nevi. Future studies involving a larger number of specimens with borderline morphologies and coupled with long-term patient follow-up will be needed to further evaluate IMP3's value in this regard.
With prognosis and treatment of melanoma relying on sentinel lymph node biopsy findings, accurate histologic analysis of these specimens is vital. When small foci of S-100 or Melan-A positive cells occur within the lymph node trabeculae or parenchyma, diagnosis of metastatic melanoma is problematic. Although the clinical significance of these micrometastases is currently being debated, 30 it remains the job of the surgical pathologist to identify and diagnose these cells as accurately as possible. This study shows that IMP3 expression has diagnostic utility in distinguishing benign intranodal nevi from metastatic melanoma, and should be considered as a potential tool for the assessment of sentinel lymph node biopsy specimens in patients with melanoma.
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